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Abstract: Haptoglobin (Hp) is a plasma protein that binds free hemoglobin and protects tissues
from oxidative damage. An Hp2 allele has been associated with an increased risk of cardiovascular
complications. On the other hand, recent studies have suggested that Hp1 allele increases risk to
develop severe cerebral small vessel disease. We aimed to replicate this finding in a first-ever stroke
patient cohort. Hp was genotyped by PCR and gel electrophoresis in the Helsinki Stroke Aging
Memory Study in patients with DNA and magnetic resonance imaging (MRI) available (SAM; n = 316).
Lacunar infarcts and white matter lesions (WML) classified by Fazekas grading from brain MRI
were associated with Hp genotypes. As population controls, we used participants of Cardiovascular
diseases—a sub study of Health 2000 Survey (n = 1417). In the SAM cohort, 63.0% of Hp1-1 carriers
(n = 46), 52.5% of Hp1-2 carriers (n = 141) and 51.2% of Hp2-2 carriers (n = 129) had severe WML
(p = 0.372). There was no dierence in severe WMLs between Hp1-1 vs. Hp1-2 and Hp2-2 carriers
(p = 0.201). In addition, 68.9% of Hp1-1 carriers (n = 45), 58.5% of Hp1-2 carriers (n = 135), and 61.8%
of Hp2-2 carriers (n = 126) had one or more lacunar lesions (p = 0.472). There was no dierence in the
number of patients with at least one lacunar infarct between Hp1-1 vs. Hp1-2 and Hp2-2 groups
(p = 0.322). Neither was there any dierence when diabetic patients (type I and II) were examined
separately. Hp1 allele is not associated with an increased risk for cerebral small vessel disease in a
well-characterized Finnish stroke patient cohort.
Keywords: haptoglobins; small vessel disease (SVD); white matter lesions (WML); lacunar infarct
1. Introduction
Haptoglobin (Hp) is a plasma protein that binds free hemoglobin (Hb). This protects tissues
from heme-iron induced oxidative damage and Hb-associated nitric oxide (NO) scavenging [1–3].
Hp regulates vascular health by several means [4–10].
The Hp gene exists in two major variant alleles, Hp1 and Hp2, giving rise to three protein isoforms
(Hp1-1, Hp1-2 and Hp2-2). Hp1-1 has good heme-recycling and antioxidant properties [1]. On the
other hand, Hp2 allele recycles heme less eciently and has poorer antioxidant properties [1]. Hp2-2
binds with high anity to apolipoprotein 1A (APO1A) and apolipoprotein E (APOE) in high density
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lipoprotein (HDL) which interferes with reverse cholesterol transport [11,12]. The Hp2 allele has also
been associated with vascular complication in diabetics [3,13–15]. Considering these properties, it is
not surprising that our previous study showed Hp2 allele to associate with the risk of ischemic stroke
in carotid stenosis patients and also with the risk of acute myocardial infarction and ischemic stroke in
a general population cohort [16]. Our recent study also showed that the Hp2 allele is associated with
premature ischemic cardiovascular deaths after the first-ever ischemic stroke [17].
On the other hand, several studies have reported association between Hp1 allele and cerebral white
matter lesions (WML). Staals et al. reported that patients with Hp1 alleles had more lacunar lesions
and extensive WML [18]. In a subsequent study [19], first ever symptomatic lacunar stroke (LACS)
patients were distinguished with one or more asymptomatic lacunar lesions (LAC+) from those without
such lesions (LAC ). In addition, the presence of extensive WML was defined (WML+ or WML ).
They found correlation between an Hp1 allele and increased risk for small vessel disease (SVD), but
this correlation was only seen in the groups with milder lesions (LAC  and WML ). In another study
of 152 hypertensive patients, the Hp1-1 phenotype correlated with the extent of hypertensive deep
white matter (WM) damage [20]. It was hypothesized that higher blood pressure, higher serum Hp
concentration, and the capability of small Hp1-1 molecules to leak through blood-brain-barrier cause
damage to the perivascular brain tissue, and this would explain the increased risk of Hp1 carriers to
small vessel disease (SVD) [19]. In the study of Costacou et al., the Hp1-1 allele increased risk for stroke
in type 1 diabetics [21]. In a later study of the same authors, type 1 diabetic patients had more extensive
WML, especially in corpus callosum, although there was no association between Hp genotype and
lacunar infarcts [22].
The goal of this study was to try to replicate this earlier association of the Hp1 allele to extensive
WML in a well-defined cohort of first-ever stroke patients.
2. Materials and Methods
2.1. Helsinki SAM-Study
Subjects belong to the Helsinki Stroke Aging Memory Study (SAM), which is a cross-sectional
study examining the cognitive, functional, and emotional consequences of ischemic stroke. The cohort
includes 486 consecutive patients aged 55 to 85 years that were admitted to Helsinki University Central
Hospital between 1993 to 1995 because of suspected stroke and fulfilling the pre-set inclusion criteria.
Patients underwent detailed clinical, neuropsychological, and cognitive evaluation. DNA and brain
magnetic resonance imaging (MRI) were available for 316 patients. Demographics are shown in Table 1.
Table 1. Demographics of the Helsinki Stroke Aging Memory Study (SAM) patients.
Variable *
Hp Genotype p y
Hp1-1 Hp1-2 Hp2-2
Genotype/allele (n = 316) 46 (14.6%) 141 (44.6%) 129 (40.8%)
Sex (% males) 52.2 39.0 57.4 0.009
Age 70.1  6.3 71.5  8.3 70.0  7.7 ns
Smoking (current or former) 65.2 47.5 50.0 ns
Smoking males 79.2 76.4 63.0 ns
Low education (< 6 years) 27.9 29.3 27.0 ns
Hypertension 47.8 49.6 49.6 ns
Diabetes mellitus 19.6 24.1 23.3 ns
Probable metabolic
syndrome 19.6 22.7 20.9 ns
Total cholesterol (mmol/L) 5.4  1.1 5.6  1.2 5.5  1.1 ns
Low density lipoprotein C
(LDL-C) (mmol/L) 3.7  1.1 3.8  1.1 3.7  1.0 ns
High density lipoprotein C
(HDL-C) (mmol/L) 1.1  0.3 1.2  0.3 1.1  0.3 ns
Myocardial infarction 17.4 17.0 20.2 ns
Atrial fibrillation 17.4 18.6 16.3 ns
Cardiac failure 21.7 21.4 21.7 ns
Peripheral arterial disease 13.0 11.3 15.5 ns
*, Mean ( standard deviation) is shown for continuous variables and percentage for nominal variables; y, Fisher’s
exact test for dichotomous variables and one-way anova for continuous variables. ns = nonsignificant.
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2.2. Health 2000 Survey
As population controls, we used participants of cardiovascular diseases—a sub study of the
Health 2000 Survey, which is an epidemiological cross-sectional health examination survey carried out
in Finland from fall 2000 to spring 2001 by the National Public Health Institute (www.terveys2000.fi).
We also used this same population cohort in our previous study [17]. The overall study cohort was a
two-stage stratified cluster sample (8028 persons) representing the entire Finnish population aged 30
years and above. The cardiovascular diseases sub study included 1516 persons aged 45–74 who were
invited to participate in a throughout cardiovascular examinations including carotid ultrasound. Brain
imaging was not included in the study protocol. The original sample size was 1867 and participation
rate 82%. DNA was available from 1426 individuals.
2.3. Genotyping
DNA was extracted from peripheral blood leukocytes. Hp genotypes were determined by
a modification of a method described by Koch and colleagues [23]: Hp alleles were amplified in
two dierent PCR reactions and separated by agarose gel electrophoresis. Hp1 was detected using
primers A 50-GAGGGGAGCTTGCCTTTCCATTG-30 and B 50-GAGATTTTTGAGCCCTGGCTGGT-30
(HpAB-PCR) and hp2 using primers C 50-CCTGCCTCGTATTAACTGCACCAT-30 and D
50-CCGAGTGCTCCACATAGCCATGT-30 (HpCD-PCR). The amplicon lengths were 1757 bp for
Hp1 and 3481 bp for Hp2 in HpAB-PCR and 349 bp for Hp2 in HpCD-PCR. The HpAB and HpCD
amplicons were loaded in adjacent wells and size-separated in 0.7% agarose gel with DNA size
markers. Genotypes were determined by two independent readers blinded to clinical data. Discrepant
samples were reanalyzed. Genotyping was successful in all samples of SAM and 97.7% of Health
2000 participants.
2.4. Radiology
WML were classified with four graded Fazekas classification which divides the WM in
periventricular and deep WM. Each region is then given a grade.
Periventricular WM: 0 = no lesions, 1 = caps or pencil-thin lining, 2 = smooth halo, 3 =
irregular periventricular signal extending into the deep WM. Deep WM: 0 = no lesions or a single
punctate lesion (no), 1 = multiple punctate lesions (mild), 2 = beginning confluence of lesions
(moderate), 3 = large confluent lesions (severe). The definition of WML included both periventricular
and deep lesions. The lesions were classified as lacunar infarcts if they fulfilled the following
criteria: they had decreased signal intensity on T1-weighted images and increased signal intensity on
T2-weighted images, their size was from 3 to 20 mm in diameter, and they were subcortical and sharply
marginated. This definition was used when original SAM-study was performed in 1993–1995 (before
the STRIVE-criteria were defined) [24]. All radiological analyses were performed by a radiologist [25].
2.5. Statistical Methods
Statistical analyses were performed by IBM SPSS Statistics 22 software (Armonk, N.Y., USA). First,
we compared Hp genotype frequencies and the frequency of Hp1-1 genotype compared to Hp1-2 and
Hp2-2 in stroke patients with one or more lacunar infarcts or severe WML and the population controls
(Table 2). Secondly, bivariate analysis of association between Hp genotypes and (1) WM changes, and
(2) lacunar lesions was carried out using either Chi2 or Fisher’s exact test for nominal variables.
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Table 2. Haptoglobin genotypes in stroke patients with lacunar infarcts or severe WML compared
to controls.
Hp1-1 Hp1-2 Hp2-2 p (geno) * p (alleles) y
All SAM patients
n = 316 46 (14.6%) 141 (44.6%) 129 (40.8%) 0.409 0.929
SAM patients
with lacunar
infarcts n = 189
31 (16.4%) 79 (41.8%) 79 (41.8%) 0.208 0.443
SAM patients
with severe WML
n = 169
29 (17.2%) 74 (43.8%) 66 (39.1%) 0.408 0.356
Population
controls n = 1417 203 (14.3%) 688 (48.6%) 526 (37.1%)
*, Fisher’s exact test between the three genotypes. y, Fisher’s exact test between Hp1-1 vs. Hp1-2 and Hp2-2.
Abbreviations: Hp = haptoglobin, SAM = Stroke Aging Memory-study patients, WML = White matter lesions.
2.6. Ethical Issues
The SAM study has been approved by the Ethics committee of the Department of Clinical
Neurosciences, Helsinki University Central Hospital. The Health 2000 Survey protocol was approved
by the Epidemiology Ethics Committee of the Helsinki and Uusimaa hospital region, and all of the
participants signed informed consents according to the Declaration of Helsinki.
3. Results
Subjects (n = 316) belong to the Helsinki SAM Study, which is a cross-sectional study examining
the cognitive, functional, and emotional consequences of ischemic stroke. As population controls (n =
1417), we used participants of cardiovascular diseases—a sub study of the Health 2000 Survey, which
is an epidemiological cross-sectional health examination survey.
3.1. Stroke Patients with Lacunar Infarcts or Severe WML Compared to Controls
Hp genotypes frequencies in the SAM and Health 2000 Survey are shown in Table 2. Genotype
frequencies were in Hardy–Weinberg equilibrium (SAM: p = 0.46; Health 2000 Survey: p = 0.36).
The genotype frequencies did not dier between patients and population controls.
First, we compared Hp genotype frequencies in stroke patients with one or more lacunar infarcts
to those in the controls (Table 2). There were no significant dierences. The same was true when stroke
patients with either severe (Fazekas grade 3, Table 2) or moderate to severe WML (Fazekas 2-3, data
not shown) were compared to controls.
3.2. Cerebral WML in Stroke Patients
Cerebral WML were determined in 316 patients. According to Fazekas classification, 63.0%
of Hp1-1 carriers (n = 46), 52.5% of Hp1-2 carriers (n = 141) and 51.2% of Hp2-2 carriers (n = 129)
had severe WML (Table 3). There was no statistical dierence between groups. The results were
the same if stroke patients with moderate to severe WML (Fazekas 2–3) were compared to patients
with mild or none WML (Fazekas 0–1) (Table 3). There was also no dierence when both sexes were
analyzed separately.
In subgroup analysis of diabetic patients (type I and II) 22.2% of Hp1-1 carriers (n = 9), 41.2% of
Hp1-2 carriers (n = 34) and 43.3% of Hp2-2 carriers (n = 30) had severe WML (Table 3). There was no
statistical dierence between groups.
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Table 3. White matter lesions in the Helsinki Stroke Aging Memory Study (SAM) patients.
Variable
Hp Genotype
p (geno) * p (alleles) y
Hp1-1 Hp1-2 Hp2-2
All patients
Fazekas 2–3 34/46 (73.9%) 103/141 (73.0%) 91/129 (70.5%) 0.892 0.860
All patients
Fazekas 3 (severe) 29/46 (63.0%) 74/141 (52.5%) 66/129 (51.2%) 0.372 0.201
All diabetics
Fazekas 2–3 5/9 (55.6%) 24/34 (70.6%) 17/30 (56.7%) 0.439 0.718
All diabetics
Fazekas 3 (severe) 2/9 (12.3%) 14/34 (41.2%) 13/30 (43.3%) 0.600 0.303
*, Fisher’s exact test between the tree genotypes (Hp1-1, Hp1-2 and Hp2-2). y, Fisher’s exact test between Hp1-1 vs.
Hp1-2 and Hp2-2. Hp = haptoglobin.
3.3. Lacunar Infarcts in Stroke Patients
Lacunar infarcts were assessed in 306 patients. Of them, 68.9% of Hp1-1 carriers (n = 45), 58.5% of
Hp1-2 carriers (n = 135) and 61.8% of Hp2-2 carriers (n = 126) had one or more lacunar lesions in MRI
imaging (Table 4). There was no statistical dierence between groups or any dierence when both
sexes were analyzed separately.
Table 4. Lacunar infarcts in the Helsinki Stroke Aging Memory Study (SAM) patients.
Variable
Hp Genotype
p (geno) * p (alleles) y
Hp1-1 Hp1-2 Hp2-2
All patients
One or more lacunar infarcts 31/45 (68.9%) 79/135 (58.5%) 79/126 (62.7%) 0.472 0.322
Median number of lacunas (range) 1(0–6) 1(0–7) 1(0–5) 0.619 0.434
All diabetics
One or more lacunar infarcts 6/9 (66.7%) 16/33 (48.5%) 18/31 (58.1%) 0.512 0.499
All diabetics
Median number of lacunas (range) 1 (0–3) 0 (0–4) 1 (0–5) 0.155 0.682
*, The presence of one or more lacunas was tested by Fisher’s exact test and the median number of lacunas by
Kruskal–Wallis 1-way ANOVA between the three genotypes. y, The presence of one or more lacunas was tested
by Fisher’s exact test and the median number of lacunas by Mann–Whitney U-test between Hp1-1 vs. Hp1-2 and
Hp2-2. Hp = haptoglobin.
In subgroup analysis of diabetic patients, 66.7% of Hp1-1 carriers (n = 9), 48.5% of Hp1-2 carriers
(n = 33) and 58.1% of Hp2-2 carriers (n = 31) had one or more lacunar lesions (Table 4). There was no
statistical dierence between groups.
4. Discussion
In this Finnish cohort of first-ever stroke patients, the Hp1 allele did not associate with the
severity of SVD. Thus, we cannot replicate earlier findings reported from other populations [18–22].
Staals et al. defined the severity of SVD by two means [19]. First ever symptomatic lacunar stroke
(LACS) patients were distinguished with one or more asymptomatic lacunar lesions (LAC+) from
those without such lesions (LAC ). They also assessed MRI images for the presence of extensive WML
defined according to Fazekas’ classification as T2-weighted confluent deep WM hyperintensities (score
2 or 3 on Fazekas’ scale) and/or irregular periventricular hyperintensities extending into the deep WM
(score 3 on Fazekas’ scale). After that, they distinguished LACS patients with (WML+) from those
without (WML ) extensive WML. In LAC  (p = 0.032) and WML  (p = 0.038) -groups, Hp1 allele
frequency was significantly higher compared to controls. In LAC+ and WML+ -groups, there was no
statistical dierence between subjects and controls. In other words, a correlation between Hp1 allele
and increased risk for SVD was only seen in the groups with milder lesions (LAC  and WML ).
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We tried to replicate this previously documented association in a general stroke cohort by adopting
similar imaging criteria, either single lacunar infarcts or extensive WML defined by a Fazekas grading
system (either moderate to severe or severe alone). We compared Hp genotype frequencies in the
stroke patients with one or more lacunar infarcts or extensive WML to population controls but did
not note significant or consistent dierences in the genotype frequencies. We also did not find an
association between Hp1 allele and lacunar infarcts or extensive WML in the SAM cohort.
It should be noted that the term small vessel disease (SVD) describes dierent conditions including
neuroimaging, pathological, and clinical features [26]. SVD is caused by pathological processes
aecting the perforating cerebral arterioles, capillaries and venules, which in turn damage the cerebral
WM and deep grey matter [27]. The pathogenesis of SVD is heterogeneous, probably multifactorial
and not completely understood. Damage to superficial perforating arterioles leads to marked changes
in cerebral WM. In contrast, damage to shorter small arteries, arising from arteria cerebri media and
penetrating basal ganglia, is more likely to cause lacunar infarcts [26]. In that mentioned last, shorter
small arteries are prone to atherosclerosis, whereas, in that mentioned first, superficial perforating
arteries are not. This means that the risk factors causing cerebral damage may vary between these
two territories [26]. WML and lacunar infarcts also lead to dierent kinds of clinical outcomes.
Heterogeneity of SVD is a challenge and must be considered when interpreting and comparing results
of dierent studies. It should be noted that, due to heterogeneity of SVD and its genetics, the results of
our study may not be generalizable to other populations.
The strength of our study is that SAM is a well-determined, relatively large stroke cohort.
Nevertheless, the sample size could be too small to detect subtle dierences in Hp genotypes between
patients and controls. In addition, the cohort size limits subgroup analysis. There were only 19
stroke patients age 60 or younger with a lacunar infarct, and thus we were not able to test a possible
association between Hp1-1 and lacunar infarct in young patients. In younger patients, atherosclerosis
is less probable etiology than in the elderly. It would be interesting to compare haptoglobin alleles
between two age groups (<60 years and 60 years) with radiological findings compatible with SVD.
Preferably at least double cohort size compared to ours would be required. Another limitation is that,
in contrast to the study by Staals and colleagues, the SAM cohort was not ascertained for a lacunar
stroke [19]. However, there are relatively many lacunar stroke patients in the SAM cohort due to
selection/survival bias because the SAM cohort was formed three months after the index stroke when
patients with the most severe strokes have died. This may have led to a decreased number of patients
with a severe stroke, especially aged females with cardioembolic strokes from atrial fibrillation.
We assumed that Hp genotype frequencies in Health 2000 survey represent Hp frequencies in the
Finnish population and they are in line with population frequencies reported from other Caucasian
populations. Since the Health 2000 survey did not include brain imaging in the study protocol, we
cannot exclude that some controls also had lacunar infarcts or WML. However, the fact that we did not
detect association between lacunar infarcts or WML and Hp genotypes in the SAM cohort makes a
strong association unlikely.
Ideally, future studies should include all dierent manifestations of SVD: in addition to lacunar
infarcts and WML, cerebral microbleeds (lobar or deep), perivascular spaces, and atrophy, including
the dierent combinations of these manifestations. Of these, deep microbleeds and perivascular spaces
located in the basal ganglia would be the most probable to associate with atherosclerosis, in addition to
lacunar infarcts. Analysis of haptoglobin alleles in relation to these distinct radiological findings might
reveal new insights to the pathophysiology of SVD.
5. Conclusions
Hp 1/2 polymorphism did not associate with the severity of WML in our study. It is likely that, in
the Finnish population, there is no association between Hp1 allele and SVD.
Author Contributions: The authors contributed to the article as follows: Conceptualization: P.I., T.J.N., P.J.K.,
M.K., P.J.L., T.E. and S.M.; Methodology: P.I., P.J.L., T.E. and S.M.; Software: P.I.; Validation: P.I, M.K., T.E. and
Brain Sci. 2020, 10, 18 7 of 8
S.M.; Formal analysis: J.L., P.I., P.J.K., T.J.N. and S.M.; Investigation: J.L., P.I. and S.M.; Resources: T.J.N., M.K.,
P.J.K., P.J.L., T.E. and S.M.; Data curation: J.L., P.I. and S.M.; Writing—original draft preparation: J.L., P.I. and S.M.;
Writing—review and editing: J.L., P.I. and S.M.; Visualization: J.L., P.I. and S.M.; Supervision: P.I., T.E. and S.M.;
Project administration: S.M. All authors have read and agreed to the published version of the manuscript.
Funding: Finnish Medical Foundation, Päivikki and Sakari Sohlberg Foundation, Open access funding provided
by University of Helsinki, Paavo Nurmi Foundation, Aarne Koskelo Foundation, Jane and Aatos Erkko Foundation,
Orion Research Foundation, Sigrid Jusélius Foundation, The Paulo Foundation, Maire Taponen Foundation.
Conflicts of Interest: The authors declare no conflict of interest.
References
1. Langlois, M.R.; Delanghe, J.R. Biological and clinical significance of haptoglobin polymorphism in humans.
Clin. Chem. 1996, 42, 1589–1600. [PubMed]
2. Nielsen, M.J.; Moestrup, S.K. Receptor targeting of hemoglobin mediated by the haptoglobins: Roles beyond
heme scavenging. Blood 2009, 114, 764–771. [CrossRef] [PubMed]
3. Levy, A.P.; Asleh, R.; Blum, S.; Levy, N.S.; Miller-Lotan, R.; Kalet-Litman, S.; Anbinder, Y.; Lache, O.;
Nakhoul, F.M.; Asaf, R.; et al. Haptoglobin: Basic and clinical aspects. Antioxid. Redox Signal. 2010,
12, 293–304. [CrossRef] [PubMed]
4. Borresen, A.L.; Leren, T.; Berg, K.; Solaas, M.H. Eect of haptoglobin subtypes on serum lipid levels. Hum.
Hered. 1987, 37, 150–156.
5. Saha, N.; Liu, Y.; Tay, J.S.; Basair, J.; Ho, C.H. Association of haptoglobin types with serum lipids and
apolipoproteins in a Chinese population. Clin. Genet. 1992, 42, 57–61. [CrossRef]
6. Braeckman, L.; De Bacquer, D.; Delanghe, J.; Claeys, L.; De Backer, G. Associations between haptoglobin
polymorphism, lipids, lipoproteins and inflammatory variables. Atherosclerosis 1999, 143, 383–388. [CrossRef]
7. Teslovich, T.M.; Musunuru, K.; Smith, A.V.; Edmondson, A.C.; Stylianou, I.M.; Koseki, M.; Pirruccello, J.P.;
Ripatti, S.; Chasman, D.I.; Willer, C.J.; et al. Biological, clinical and population relevance of 95 loci for blood
lipids. Nature 2010, 466, 707–713. [CrossRef]
8. Igl, W.; Johansson, A.; Wilson, J.F.; Wild, S.H.; Polasek, O.; Hayward, C.; Vitart, V.; Hastie, N.; Rudan, P.;
Gnewuch, C.; et al. Modeling of environmental eects in genome-wide association studies identifies SLC2A2
and HP as novel loci influencing serum cholesterol levels. PLoS Genet. 2010, 6, e1000798. [CrossRef]
9. Guthrie, P.A.; Rodriguez, S.; Gaunt, T.R.; Lawlor, D.A.; Smith, G.D.; Day, I.N. Complexity of a complex trait
locus: HP, HPR, haemoglobin and cholesterol. Gene 2012, 499, 8–13. [CrossRef]
10. Boettger, L.M.; Salem, R.M.; Handsaker, R.E.; Peloso, G.M.; Kathiresan, S.; Hirschorn, J.N.; McCarroll, S.A.
Recurring exon deletions in the HP (haptoglobin) gene contribute to lower blood cholesterol levels. Nat. Genet.
2016, 48, 359–366. [CrossRef]
11. Asleh, R.; Miller-Lotan, R.; Aviram, M.; Hayek, T.; Yulish, M.; Levy, J.E.; Miller, B.; Blum, S.; Milman, U.;
Shapira, C.; et al. Haptoglobin genotype is a regulator of reverse cholesterol transport in diabetes in vitro
and in vivo. Circ. Res. 2006, 99, 1419–1425. [CrossRef]
12. Cigliano, L.; Pugliese, C.R.; Spagnuolo, M.S.; Palumbo, R.; Abrescia, P. Haptoglobin binds the antiatherogenic
protein apolipoprotein E—Impairment of apolipoprotein E stimulation of both lecithin:cholesterol
acyltransferase activity and cholesterol uptake by hepatocytes. FEBS J. 2009, 276, 6158–6171. [CrossRef]
13. Levy, A.P.; Hochberg, I.; Jablonski, K.; Resnick, H.E.; Lee, E.T.; Best, L.; Howard, B.V. Strong Heart Study.
Haptoglobin phenotype is an independent risk factor for cardiovascular disease in individuals with diabetes:
The strong heart study. J. Am. Coll. Cardiol. 2002, 40, 1984–1990. [CrossRef]
14. Roguin, A.; Ribichini, F.; Ferrero, V.; Matullo, G.; Herer, P.; Wijns, W.; Levy, A.P. Haptoglobin phenotype and
the risk of restenosis after coronary artery stent implantation. Am. J. Cardiol. 2002, 89, 806–810. [CrossRef]
15. Roguin, A.; Koch, W.; Kastrati, A.; Aronson, D.; Schomig, A.; Levy, A.P. Haptoglobin genotype is predictive
of major adverse cardiac events in the 1-year period after percutaneous transluminal coronary angioplasty in
individuals with diabetes. Diabetes Care 2003, 26, 2628–2631. [CrossRef]
16. Ijäs, P.; Saksi, J.; Soinne, L.; Tuimala, J.; Jauhiainen, M.; Jula, A.; Kähönen, M.; Kesäniemi, Y.A.; Kovanen, P.T.;
Kaste, M.; et al. Haptoglobin 2 allele associates with unstable carotid plaque and major cardiovascular events.
Atherosclerosis 2013, 230, 228–234. [CrossRef]
Brain Sci. 2020, 10, 18 8 of 8
17. Ijäs, P.; Melkas, S.; Saksi, J.; Jula, A.; Jauhiainen, M.; Oksala, N.; Pohjasvaara, T.; Kaste, M.; Karhunen, P.J.;
Lindsberg, P.; et al. Haptoglobin Hp2 Variant Promotes Premature Cardiovascular Death in Stroke Survivors.
Stroke 2017, 48, 1463–1469. [CrossRef]
18. Staals, J.; Bons, J.A.; van Oostenbrugge, R.J.; Knottnerus, I.L.; van Dieijen-Visser, M.P.; Bouwman, F.G.;
Mariman, E.C.; Delanghe, J.R.; Lodder, J.; Wodzig, W.K. A SELDI-TOF-MS study in Lacunar Stroke with
Subsequent Haptoglobin Phenotyping. Curr. Neurovasc. Res. 2008, 5, 93–98. [CrossRef]
19. Staals, J.; Pieters, B.M.; Knottnerus, I.L.; Rouhl, R.P.; van Oostenbrugge, R.J.; Delanghe, J.R.; Lodder, J.
Haptoglobin polymorphism and lacunar stroke. Curr. Neurovasc. Res. 2008, 5, 153–158. [CrossRef]
20. Staals, J.; Henskens, L.H.; Delanghe, J.R.; van Oostenbrugge, R.J.; Kessels, A.G.; Kroon, A.A.; de Leeuw, P.W.;
Lodder, J. Haptoglobin phenotype correlates with the extent of cerebral deep white matter lesions in
hypertensive patients. Curr. Neurovasc. Res. 2010, 7, 1–5. [CrossRef]
21. Costacou, T.; Secrest, A.M.; Ferrell, R.E.; Orchard, T.J. Haptoglobin genotype and cerebrovascular disease
incidence in type 1 diabetes. Diabetes Vasc. Dis. Res. 2014, 11, 335–342. [CrossRef]
22. Costacou, T.; Rosano, C.; Aizenstein, H.; Mettenburg, J.M.; Nunley, K.; Ferrell, R.E.; Orchard, T.J. The
haptoglobin 1 allele correlates with white matter hyperintensities in middle-aged adults with type 1 diabetes.
Diabetes 2015, 64, 654–659. [CrossRef]
23. Koch, W.; Latz, W.; Eichinger, M.; Roguin, A.; Levy, A.P.; Schömig, A.; Kastrati, A. Genotyping of the
Common Haptoglobin Hp 1/2 Polymorphism Based on PCR. Clin. Chem. 2002, 48, 1377–1382.
24. Wardlaw, J.M.; Smith, E.E.; Biessels, G.J.; Cordonnier, C.; Fazekas, F.; Frayne, R.; Lindley, R.I.; O’Brien, J.T.;
Barkhof, F.; Benavente, O.R.; et al. Standards for Reporting Vascular changes on neuroimaging (STRIVE
v1). Neuroimaging standards for research into small vessel disease and its contribution to ageing and
neurodegeneration. Lancet Neurol. 2013, 12, 822–838. [CrossRef]
25. Mäntylä, R.; Aronen, H.J.; Salonen, O.; Pohjasvaara, T.; Korpelainen, M.; Peltonen, T.;
Standertskjöld-Nordenstam, C.G.; Kaste, M.; Erkinjuntti, T. Magnetic resonance imaging white matter
hyperintensities and mechanism of ischemic stroke. Stroke 1999, 30, 2053–2058. [CrossRef]
26. Wardlaw, J.M.; Smith, C.; Dichgans, M. Mechanisms of sporadic cerebral small vessel disease: Insights from
neuroimaging. Lancet Neurol. 2013, 12, 483–497. [CrossRef]
27. Pantoni, L. Cerebral small vessel disease: From pathogenesis and clinical characteristics to therapeutic
challenges. Lancet Neurol. 2010, 9, 689–701. [CrossRef]
© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
